Introduction {#sec1-1}
============

Primary malignant brain tumors in the adults are uncommon. It represents 2-3% of all adult tumors in Saudi Arabia. The yearly incidence of primary malignant brain tumors is 1-2/100 000 with a slight predominance in males.[@ref1] The most common primary malignant brain tumor is malignant glioma. It may develop at all ages, with the peak incidence in the 5^th^ and 6^th^ decades of life. They are quite heterogeneous group of tumors with varied outcomes and treatment approaches. They range from low-grade tumors that are slow-growing to high-grade tumors that are aggressive and virtually incurable.

We searched the PubMed database search to obtain the key literature in high-grade glioma, published between January 2014 and April 2016 using the following search keywords; high-grade glioma, glioblastoma, and anaplastic glioma. The PubMed database was chosen because it is most widely used resource for medical literature. The search results were narrowed by selecting studies including human participants published in English. The result was confined to the following article types: Clinical trial, Phase III, guidelines, meta-analysis, randomized controlled trials (RCT), and systematic review. The PubMed resulted in 406 citations, and their potential relevance was examined and reviewed.

Patients with high-grade glioma usually present with progressive neurologic signs and symptoms that vary according to the size, location, and rate of growth of the tumor. Common symptoms are headache (\~50%) and seizure (\~20-30%). Other common symptoms include memory loss, motor weakness, visual symptoms, language deficit, and cognitive, and personality changes.[@ref2] Factors influencing prognosis are age, tumor grade, Karnofsky performance status (KPS), the number of molecular alterations[@ref3],[@ref4] and the extent of initial surgical resection. The influence of clinical factors such as age and KPS on outcome was identified in glioblastoma patients using recursive partitioning analysis.[@ref4] Both tumor type and histologic grade are well-recognized prognostic factors in high-grade glioma. In general, astrocytic tumors tend to behave more aggressively than oligodendroglial tumors, and Grade IV tumors (i.e., glioblastoma) behave more aggressively than Grade III tumors (i.e., anaplastic).[@ref5]

Recently, a number of biomarkers including gene expression analysis, have been found to be useful for prognostication. For example methylation of methyl guanine methyl transferase (MGMT) predict better survival rate in patients with high-grade glioma, particularly in elderly patients.[@ref6],[@ref7] MGMT enzyme handles DNA-repair following alkylating agent chemotherapy. Combined loss of chromosomes 1p and 19q improves survival and responsiveness to therapy in oligodendroglial tumors.[@ref8] Mutations in the enzyme isocitrate dehydrogenase 1 (IDH1) and IDH2 improves overall survival, independent of other established prognostic factors, especially in anaplastic gliomas.[@ref9]

Magnetic resonance imaging (MRI) and computed tomography (CT) are the non-invasive imaging modalities of choice for characterizing high-grade gliomas and for target volume delineation.[@ref10],[@ref11] CT helps in the assessment of calcified and hemorrhagic lesions as well as those that may involve bone. While, contrast-enhanced MRI is superior because of its higher soft tissue resolution and multiplanar imaging capabilities. Advanced MRI techniques, including MR spectroscopy, MR perfusion, and functional imaging are also routinely performed for pre-operative grading of gliomas and to follow treatment response.

The World Health Organization (WHO) classifies gliomas into four histological grades.[@ref12] This manuscript focuses only on high-grade gliomas, which includes WHO Grade IV tumors (glioblastoma and its variants) and Grade III tumors (anaplastic astrocytoma, oligodendroglioma, and oligoastrocytoma).[@ref13]

Role of Surgery in High-grade Gliomas {#sec1-2}
=====================================

A tissue diagnosis by biopsy or surgery is mandatory before commencing definitive therapy.[@ref14] In majority of the patients, maximal safe resection is the preferred initial approach for both diagnosis and management.[@ref15]-[@ref18] Maximal safe surgical resection with an aim for the preservation of neurologic function[@ref19] results in improved functional status and possibly, with prolonged survival.[@ref20] Surgery is done under blue light with a fluorescent marker 5-aminolevulinic acid for the tumor increases the probability of complete resection rate and progression-free survival.[@ref21] A biopsy is normally considered when the lesion is not amenable to resection, or if the patient's overall clinical condition is not fit for surgery. Deep brain biopsies with accurate tumor localization particularly in focal lesions are made possible by combined use of computerized imaging and stereotactic devices.[@ref22],[@ref23] Positron emission tomography (PET) and magnetic resonance spectroscopy have been used to characterize metabolically active areas of tumor, and thereby increasing the accuracy of stereotactic brain biopsy.[@ref24],[@ref25]

There are no RCT to establish the benefit of maximal surgical resection over a more limited resection. Quite a few number of studies have failed to show a benefit with extensive surgical resection (either subtotal resection vs. biopsy, or complete vs. subtotal resection).[@ref26]-[@ref28] However, other studies have suggested that maximal resection (particularly gross total resection) does improve survival.[@ref21],[@ref29]-[@ref36] Resection provides a larger, more representative tissue sample for detailed analysis, therefore increasing the likelihood of an accurate diagnosis, which in turn can help to tailor further therapies. Debulking surgery may lead to rapid tapering and discontinuation of steroids, thereby reducing steroid-related complications, debulking before radiotherapy (RT) or chemotherapy may improve the response to post-operative adjuvant treatments.[@ref37] Considering the above findings, we recommend initial maximal surgical resection in patients with high-grade glioma.

Pre-operative functional MRI or PET can optimize tumor volume definition and minimize operative injury to critical areas, such as motor and speech areas.[@ref38] Intraoperative imaging is used to characterize residual tumor after the initial resection and thereby can be used to guide further surgery with minimal collateral damage to normal brain tissues.[@ref39] However, such techniques have not been shown to improve survival in patients with high-grade gliomas.[@ref40] Despite the recent advances in surgical techniques, local recurrences are common even in patients undergoing an apparent complete resection of the tumor. This is because high-grade gliomas tend to have cancer cells infiltrating white matter fibers and the perivascular spaces well beyond the tumor border as defined by the surgeon or by current multimodality imaging including multiparametric MRI and mulitracer PET studies.[@ref41],[@ref42]

Role of Adjuvant RT in Glioblastoma {#sec1-3}
===================================

Adjuvant radiation therapy with or without chemotherapy is considered the standard of care following surgery for patients with newly diagnosed glioblastoma. Adjuvant RT improves local control and survival after surgical resection.[@ref43],[@ref44] Post-operative RT field should include tumor bed, residual enhancing tumor, and edema with a margin except for patients with KPS \<50, where they will receive whole brain RT.[@ref45],[@ref46] RT consists of fractionated regimen, delivering a total dose of 60 Gy in 30 daily treatments, 1 treatment per day, 5 treatments per week over 6 weeks for patients with good KPS.[@ref47]-[@ref49] For patients with age ≥60 and KPS \>50, RT will consist of 40 Gy in 15 daily treatments, 1 treatment per day, 5 treatments per week over 3 weeks.[@ref50] For patients with KPS \<50, RT will consist of 30 Gy in 10 daily treatments to the whole brain, 1 treatment per day, 5 treatments per weeks over 2 weeks.[@ref47] Treatment should start within 4-6 weeks of surgery. There is no evidence that hyper fractionation or accelerated fractionation or higher dose improves outcome.[@ref47]-[@ref51]

Acute expected radiation-induced toxicities include hair loss, fatigue, and erythema, or soreness of the scalp. Potential acute toxicities include nausea and vomiting as well as a temporary aggravation of glioma symptoms such as headaches, seizures, and weakness. Early delayed radiation effects include lethargy and transient worsening of existing neurological deficits occurring 1-3 months after RT treatment. Late, delayed effects of RT include radiation necrosis, endocrine dysfunction, and radiation-induced neoplasms.

Role of Adjuvant Chemotherapy in Glioblastoma {#sec1-4}
=============================================

Adjuvant chemotherapy improves overall survival in patients with glioblastoma either alone or in combination with RT.[@ref52] Temozolomide (TMZ) is the most commonly used drug in the glioblastoma treatment regime. It is an imidazotetrazine derivative of the alkylating agent dacarbazine. It undergoes rapid chemical conversion in the systemic circulation at physiological pH to the active compound, monomethyl triazeno imidazole carboxamide. It exhibits dose-dependent antitumor activity by targeting DNA replication. TMZ has demonstrated activity against recurrent and newly diagnosed glioma. Stupp *et al*. have shown the benefit of RT plus concomitant and adjuvant TMZ for glioblastoma.[@ref53] The combination of TMZ plus RT has shown improvement in overall survival compared with RT alone in a 5 years follow-up study (overall survival 27% vs. 11% and 10% vs. 2% at 1 and 5 years, respectively).[@ref54] For those with MGMT methylation, the 2-year survival rates were 49% and 24% with combination therapy and with RT alone, respectively, while for those without MGMT methylation, the 2-year survival rates were 15% and 2%, respectively.[@ref54],[@ref55] Benefits from adjuvant TMZ were observed in all patient subsets, including those over 60 years and those with other poor prognostic factors.

Adverse Effects of TMZ {#sec1-5}
======================

Hematological {#sec2-1}
-------------

Moderate to severe thrombocytopenia is the most common hematologic adverse effect, occurring in approximately 10-20% of patients.[@ref56] Moderate to severe lymphopenia and neutropenia occur in 5-15% of patients at the completion of 6 weeks of daily TMZ with concomitant RT.[@ref57] Patients are at risk for Pneumocystis pneumonia due to selective CD4+ T cell depletion; the risk is increased in patients receiving corticosteroids and in those receiving prolonged daily dosing regimens. All patients being treated with daily TMZ during RT should receive Pneumocystis pneumonia prophylaxis until recovery of lymphopenia.[@ref58],[@ref59]

Non-hematological {#sec2-2}
-----------------

Common non-hematologic side effects are nausea, anorexia, and fatigue. Fatal and severe hepatotoxicity have been reported, and liver function tests should be performed at the beginning, during and at the end of the treatment.[@ref60] TMZ is moderately emetogenic, and premedication with an oral serotonin 5-HT3 antagonist should be provided in all patients during adjuvant therapy. Other rare but life-threatening idiosyncratic reactions reported are hypersensitivity pneumonitis, allergic skin reactions, opportunistic infections, aplastic anemia, myelodysplasia, and treatment-related acute myeloid leukemia.[@ref41],[@ref42]

Concomitant TMZ Dosing During RT Treatment {#sec1-6}
==========================================

Daily dose of TMZ for concomitant therapy is 75 mg/m^2^ (oral) taken 1 h before each session of RT during weekdays. During weekends without RT, the drug is taken in the morning.[@ref54] The treatment schedule is for 6 weeks. In the case of delays in the delivery of the RT, TMZ is given for a maximum of 7 weeks. The dose administered is determined using the body surface area and rounded to the nearest 5 mg.

Dose Adjustments During Concomitant TMZ Treatment {#sec1-7}
=================================================

During the concomitant treatment, no dose reductions will be made. Delay and discontinuation will be decided according to toxicity criteria given by CTCAE grading (version 4).[@ref61] Treatment should be delayed until normalization in the following conditions: Absolute neutrophil count (ANC) \<1.0 × 10^9^/L, platelet count \<100 × 10^9^/L and Grade 3 non-hematological toxicities other than fatigue, alopecia, nausea, and vomiting. However, the delay may not exceed 2 weeks, if toxicity is ongoing at that time, concomitant treatment with TMZ must be discontinued. TMZ treatment will be discontinued in Grade 4 non-hematological toxicity and if the ANC goes \<0.5 × 10^9^/L or the platelet count goes below 25 × 10^9^/L.

TMZ Dosing During Adjuvant Treatment {#sec1-8}
====================================

Adjuvant TMZ treatment will be started 4 weeks after the end of concomitant chemoRT. TMZ is administered orally once a day for five consecutive days (days 1-5). The starting dose for the first cycle will be 150 mg/m^2^/day (dose level 0) with a single dose escalation to 200 mg/m^2^/day (dose level +1) in subsequent cycles if no significant toxicity is observed in the first cycle. Dose can be reduced one level to 100 mg/m^2^/day (dose level -1) depending of toxicity. One cycle is defined as 28 days, and a maximum of 6 cycles will be administered. Adjuvant TMZ treatment is planned for a maximum of 6 cycles. Other schedules of TMZ have not been shown to be more effective than the standard post-RT schedule of five every 28 days in the adjuvant setting.[@ref62],[@ref63] Based on NOA-08 and Nordic trails, elderly patients who are not candidates for TMZ concomitant with RT followed by adjuvant TMZ should be treated with RT (e.g., 15 doses of 2·66 Gy) alone for an unmethylated gene promoter or TMZ (5/28) alone for the methylated promoter.[@ref64],[@ref65]

Dose Adjustments During Adjuvant TMZ Treatment {#sec1-9}
==============================================

During adjuvant treatment, TMZ dose interruptions, as well as modifications, are allowed based on toxicity observed during the prior treatment cycle. If multiple toxicities are seen, the dose administered should be based on the dose reduction required for the most severe grade of any single toxicity. No dose reductions below 100 mg/m^2^ are allowed. If 100 mg/m^2^ is not tolerated, the patient should stop treatment. Once a dose has been reduced, no dose re-escalation is allowed.

Bevacizumab plays a key role in the growth of the abnormal vasculature observed in high-grade gliomas and other tumors. In the Avaglio study, the patients were randomly assigned to receive bevacizumab or placebo in conjunction with radiation and TMZ. After the completion of radiation, the patients underwent 6 cycles of monthly TMZ plus bevacizumab or placebo every 2 weeks, which were followed by maintenance bevacizumab or placebo every 3 weeks until further development. The results obtained showed that the enhanced median progression-free survival for patients treated with bevacizumab compared with placebo. On the other hand, an increase was also observed in the rate of adverse events with serious implications in patients treated with bevacizumab compared with placebo.[@ref66]-[@ref74]

In the radiation therapy oncology group (RTOG) study, patients were randomly assigned to receive bevacizumab or placebo opening at week 4 of standard chemoradiation with TMZ, which was followed by 6-12 cycles of maintenance TMZ plus bevacizumab or placebo. Although the results did not meet the required threshold, the median progression-free survival was enhanced in patients. In addition, the bevacizumab group experienced the worse quality of life, and a sharp decline in neurocognitive function compared with the placebo group.[@ref75],[@ref76]

Therefore, the results determined showed that the regular use of bevacizumab in combination with standard radiation and TMZ was not recommended in patients with newly diagnosed glioblastoma. This is further backed by the fact that there was no significant survival benefit for bevacizumab when used as initial therapy and the increased risk of toxicity was noted with regard to combination therapy.[@ref77]

Role of Adjuvant Chemotherapy in Anaplastic Astrocytoma {#sec1-10}
=======================================================

Based on the NOA-04 trial findings, chemotherapy with TMZ or PCV (procarbazine, lomustine, and vincristine) is as effective as RT in the treatment of anaplastic astrocytomas. Patients with high-grade astrocytoma benefit from implantation of carmustine wafers at the time of surgical resection of the tumor as they improve survival by 8-11 weeks.[@ref78]-[@ref80] Adjuvant chemotherapy after surgery and RT improves disease-free survival.[@ref52],[@ref81] There are two large multicenter phase III trials in progress examining various combinations of RT and concomitant and/or adjuvant chemotherapy in patients with newly diagnosed anaplastic glioma with or without 1p/19q co-deletion (NCT00887146, NCT00626990), but results from these trials will not be available for several years.

Role of Adjuvant Chemotherapy in Anaplastic Oligodendroglial Tumors {#sec1-11}
===================================================================

Oligodendroglial tumors represent 5-20% of all glioma. All suspected oligodendrogliomas must undergo histological confirmation, as radiological features alone are inadequate for diagnosis and staging.[@ref82],[@ref83] Despite the prolonged clinical course seen with these tumors, the outcome is usually poor. Patients with Grade III oligodendroglial tumors have a better outcome than those with anaplastic astrocytoma. Oligodendroglial tumors carry certain favorable molecular markers, such as 1p19q co-deletion and IDH mutations. Maximal gross surgical resection is recommended where technically feasible, as it increases survival.[@ref84],[@ref85]

Two randomized Phase III trials (EORTC 26951 trial and RTOG 9402 trial) have shown that a combination of both RT and PCV following surgical resection improves overall survival on long-term follow-up in the subset of patients with 1p19q co-deletion.[@ref86]-[@ref88] Other molecular subgroups such as IDH and MGMT may still benefit from adding chemotherapy to RT.[@ref89],[@ref90] At a median follow-up of 60 months in both trials[@ref8],[@ref91],[@ref92] progression-free survival was significantly prolonged with adjuvant PCV compared to RT alone, but no significant difference was achieved in overall survival.[@ref78] Oligodendroglial tumors are more chemotherapy sensitive than astrocytic tumors.[@ref93] Based on NOA4 trial results, the efficacy of PCV regimen and TMZ regimen was similar in patients with glioma, but long-term follow-up is not yet available.[@ref5] TMZ is preferred over the PCV regimen in most practice, based on its convenience of administration and better tolerability, although PCV remains an option for anaplastic oligodendroglial tumors.

Management of Recurrent High-grade Gliomas {#sec1-12}
==========================================

Despite the survival benefit of adjuvant radiation and chemotherapy in high-grade glioma, the outcome of this disease is poor, and the majority of patients relapse. The treatment options for such patients have to be individualized assessing the benefit/risk ratio.

Early Progression Versus Pseudo Progression {#sec1-13}
===========================================

Disease progression is often difficult to distinguish from radiation necrosis or other radiation-induced imaging changes. Distinguishing them is important to prevent inappropriate discontinuation of an effective treatment regimen. Pseudoprogression is a treatment-related effect with MRI features mimicking true tumor progression, usually occurring within 3 months of completion of chemoradiation[@ref94],[@ref95] in 15-30% of patients.[@ref96],[@ref97] Advanced MRI techniques, particularly MR spectroscopy and perfusion imaging when combined with the conventional MRI are sometimes helpful to differentiate between pseudoprogression or true progression. The diagnosis is often made retrospectively, based on improvement or stabilization of imaging findings in the setting of continuation of the initial chemotherapy (TMZ) for at least 6 months as suggested by Response Assessment in Neuro-Oncology working group.[@ref82] Patients with imaging evidence suggesting disease progression within 3 months after completion of chemoradiotherapy should continue their planned adjuvant chemotherapy unless there is evidence of clinical deterioration or until there is evidence of further disease progression on imaging.

Median overall survival of the patient with recurrent high-grade gliomas is \<1 year. Although further interventions such as re-resection, re-irradiation, and systemic therapy can benefit some patients, all treatments are palliative and associated with risks and side effects. Regardless of whether subsequent treatment is pursued, patients should be offered maximal supportive care, including palliative care and hospice as appropriate. One of the important prognostic factors for benefit from further interventions is the performance status.[@ref98]-[@ref100] Other factors include the extent of disease, the histologic grade, the relapse-free interval, and recurrence pattern (i.e., local vs. diffuse).[@ref100]-[@ref105]

Local Therapy {#sec1-14}
=============

The impact and selection of patients for a debulking re-resection are not firmly established. Selected patients with a large tumor exerting symptomatic mass effect may benefit from re-resection. The most significant predictor of longer survival after re-resection is a good performance status. Other favorable prognostic predictors include young age, recurrence-free interval, and the extent of the second surgical resection.[@ref106],[@ref107] The role of re-irradiation in patients with recurrent glioblastoma is unclear. On retrospective data, some patients with small recurrent tumors and a good performance status may benefit from re-irradiation.[@ref58]

Palliative Systemic Therapy {#sec1-15}
===========================

Palliative systemic therapy has been tried with systemic agents such as bevacizumab, nitrosoureas, and re-challenge with TMZ.

Bevacizumab {#sec2-3}
-----------

Vascular endothelial growth factor (VEGF) plays an important role in the development of the abnormal vasculature observed in high-grade gliomas and other tumors. Bevacizumab is a monoclonal antibody that binds circulating VEGF and prevents its interaction with VEGF receptors on the cell surface. Bevacizumab acts by increasing the delivery of chemotherapy to the tumor.[@ref108] Bevacizumab has shown significant promise in Phase II studies as a single agent or in combination with irinotecan or lomustine in patients with high-grade gliomas.[@ref108]-[@ref110] The objective response rates with bevacizumab alone or in combination with irinotecan were 28% and 38%, respectively, and the 6-month progression-free survival rates and overall survival were 43% and 50%, and 9.2 and 8.7 months, respectively. With longer follow-up, the 12 and 24-month survival rates were 38% and 17% on both treatment arms, which appeared to be better than historical control series.[@ref108]

In patients who progress on bevacizumab monotherapy, we suggest the continuation of bevacizumab and addition of a cytotoxic agent. In patients who progress while receiving bevacizumab plus chemotherapy, a continuation of bevacizumab beyond progression and a change of chemotherapy agent to a drug with a different mechanism of action may be utilized in patients with good performance status. The two clinical trials that led to the approval of bevacizumab for recurrent high-grade glioma used a dose of 10 mg/kg every 2 weeks. There is no difference in progression-free or overall survival when patients with high-grade glioma are treated with doses ranging from 5 to 15 mg/kg every 2-3 weeks.[@ref111] Less frequent dosing can be more convenient for patients since many of them have a neurologic disability that makes travel difficult. Bevacizumab is associated with cardiovascular effects such as hypertension, thromboembolism, intracranial hemorrhage and left ventricular dysfunction, and non-cardiovascular effects, such as proteinuria, delayed wound healing and bleeding.[@ref112]

Nitrosoureas {#sec2-4}
------------

For patients who were previously treated with TMZ and are not candidates for bevacizumab, nitrosourea-based chemotherapy is a reasonable alternative. Nitrosoureas either as single agents such as lomustine or in combination regimens such as PCV have shown effectiveness in Phase II studies of previously treated patients and are reasonable options.[@ref112],[@ref113] The combination regimen of PCV was compared with TMZ in a Phase III trial in patients with recurrent high-grade glioma.[@ref115] There was no difference in progression-free survival or overall survival.
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TMZ re-challenge {#sec2-5}
----------------

TMZ using a different dosing schedule has been addressed in Phase II studies of patients with recurrent high-grade glioma with mixed results.[@ref103]-[@ref110] In general, patients who have relapsed several months after completion of adjuvant TMZ and whose tumors have MGMT methylation are the best candidates for re-challenge with TMZ. In Phase II study (RESCUE), use of daily TMZ (50 mg/m^2^/day for up to 1 year) was studied in 120 patients.[@ref114] For patients with glioblastoma, the 6-month progression-free survival ranged from 15% to 29%, depending on whether progression occurred during or after the original adjuvant TMZ treatment. For patients with an anaplastic glioma, the 6-month PFS was 36% with dose-intense TMZ.

Supportive Care {#sec1-16}
===============

Optimal supportive care is important in the management of all patients with recurrent or progressive high-grade glioma, whether or not they are planned for further therapy. Steroids and antiepileptic drugs are commonly used in glioma patients for management of edema and seizures. Patients with a very low functional and poor performance status, including those who are non-ambulatory and fully dependent for activities of daily living, have a very poor prognosis and are best managed with maximal supportive care and palliative care alone.

Conclusions {#sec1-17}
===========

Histopathological diagnosis is mandatory to characterize the tumor grade. Complete surgical resection as feasible is the primary treatment in all cases of high-grade glioma. RT with TMZ is the treatment of choice for glioblastoma. In a patient with anaplastic glioma, RT and adjuvant chemotherapy should be considered. In anaplastic oligodendroglioma, TMZ is the preferred regimen compared to PCV, based on its convenience of administration and better tolerability. However, PCV remains an option for anaplastic oligodendroglial tumors. Despite the administration, majority of patients relapse. The treatment options for such patients may include further interventions such as re-resection, re-irradiation, and systemic therapy, or maximal supportive care only.
